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Analysis of nearest neighbour pairs of adult Proteaceae 
indicate that intraspecific pairs are more common, but that 
the mean distance between them is greater than that 
between interspecific pairs. Adult Proteaceae tend to be 
regularly/randomly spaced, whereas seedlings are highly 
clumped. These results suggest that competition could be a 
significant force structuring fynbos communities. 
Ondersoeke op naburige volwasse pare Proteaceae dui aan 
dat pare van dieselfde spesie meer algemeen voorkom, maar 
dat die gemiddelde afstand tussen bure groter is as die 
afstand tussen pare van verskillende spesies. Volwasse 
Proteaceae neig om eweredig gespasieer te wees, terwyl 
saailinge meestal in klompies voorkom. Hierdie resultate dui 
aan dat kompetisie 'n belangrike dryfveer mag wees in die 
vorming van fynbosgemeenskappe. 
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The importance of competition as a force structuring Cape 
fynbos communities has received little attention to date, 
especially in comparison with the possibly contrasting 
effects of recurrent fire in reducing the scope for 
competition. The work done by Cody (1986) is a notable 
exception. He found that the Proteaceae in a community 
have non-overlapping leaf sizes and that nearest neighbour 
pairs are not a random assemblage. Also, using the leaf sizes 
in the dioecious genus Leucadendron, Cody (1986) 
performed simulation studies of random assemblages as 
null-models. He found significant differences between these 
and observed patterns of leaf dimorphism in this genus. 
From all of this he deduced that (reduced) competition 
between (different) leaf morphs is a significant force 
structuring fynbos Proteaceae communities. This evolution 
of niche separation may then contrast with habitat 
specialization as mechanisms for generating the high species 
richness in fynbos. 
Following on from Cody's (1986) results we produced the 
following rules asserting the importance of niche dif-
ferentiation and competition amongst fynbos Proteaceae: 
(i) interspecific nearest neighbours should be able to be 
more closely spaced than intraspecific nearest neighbours; 
(ii) nearest neighbours should most often be interspecific 
pairs rather than intraspecific pairs; and (iii) adults should 
be regularly spaced as opposed to being clumped. We then 
investigated the above rules. 
We located mature (> 12 years since previous bum) mix-
ed species stands of Proteaceae in the vicinity of the 
Swartberg Pass and Robinson's Pass on the Outeniqua 
Mountains of the southern Cape (see Table 1 for site 
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details). We were able to locate only one stand (site 8) older 
than 25 years. Depending on the height and density of the 
canopy at each stand, we either used plots (in less dense 
stands where we could be sure that all individuals were only 
measured once in the 10 X 10 m plots) or transects (through 
dense stands). For each individual we determined which 
species was the nearest neighbour and we measured the 
distance between the two from stem to stem. We only used a 
measurement once if the two individuals of a pair were each 
other's nearest neighbour. At sites 5 and 6 there were too 
few interspecific pairs to sample by means of plots. We 
searched for 25 interspecific pairs and at each of these we 
also sampled the nearest intraspecific pair. From these data 
we determined: (i) the incidence of intra- versus inter-
specific nearest neighbours; and (ii) the mean distance (and 
variance) between inter- and intraspecific neighbours. We 
used the mean/variance test as a measure of dispersion (Zar 
1974). 
Despite our attempts to sample the most mixed-species 
stands available it still appears that most species have 
themselves as nearest neighbours (8 out of 13 instances; 
Table 2). The most common situation we encountered was 
not one of different species found in the interstices of other 
species (Cody 1986), but one of populations abutting each 
other (i.e. 'patchiness '). This may reflect fine-scale habitat 
specialization or low levels of seed dispersal. 
Interspecific nearest neighbour distances were shorter 
than those of intraspecific interactions (Table 3). Mean 
nearest neighbour distance between species ranged from 42 
to 96% (mean 72%) of that of the intraspecific nearest 
neighbour distances (i.e. mixed species pairs were on 
average 30% closer to each other than conspecifics). This 
relatively small difference suggests that although inter-
specific competition may be different in degree to intra-
specific competition, they are not different in kind. Adult 
Proteaceae were mostly regularly spaced (Table 3) although 
in some of the more sparse stands they were randomly 
dispersed. 
These differences in nearest neighbour differences are 
based on the single nearest neighbour only (and not second 
and third neighbours) and do not include the relative size of 
the interacting individuals. More detailed analyses may 
detect a stronger influence of competition on spatial 
dynamics of Cape Proteaceae than what we have found. 
Midgley and von Maltitz (in press) found that southern 
Cape Proteaceae seedlings tend to be highly clumped. This 
is in contrast to the more regular/random spacing of adults 
we found in the present study (Table 3). As a stand of 
fynbos Proteaceae ages, the spatial patterns based on nearest 
Table 1 Study sites in the southern Cape 
Site No. Position Slope (%) Altitude (m) Aspect 
33°19'45" S 22°02' E 15 1500 SE 
2 33°20' 22°06' 1 1300 N 
3 33°20'30" 22°04' 5 1350 N 
4 33°59'30" 22°05' 2 250 S 
5 33°59'30" 22°09' 2 200 S 
6 33°52' 22°02' 5 650 SE 
7 33°53' 22°00'30" 8 600 S 
8 34°01 ' 22°10' 2 150 S 
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Table 2 Nearest neighbour interactions amongst mature 
Proteaceae at study sites in the southern Cape. Numbers 
are numbers of individuals (L.: Leucadendron, P.: Pro tea) 
Species 
Site 1 
L. tinctum 
L. ruhrum 
P. repens 
P. punctata 
Site 2 
P. eximia 
P. repens 
Site 3 
P. repens 
P. lorifolia 
P. eximia 
Site 4 
L. tinctum 
24 
13 
10 
3 
P. eximia 
65 
13 
P. repens 
44 
6 
4 
P. neriifolia 
P. neriifolia 
P. coronata 
Site 7 
P. aurea 
L. eucalyptifolium 
Site 8 
P. neriifolia (live) 
P. neriifolia (dead) 
20 
25 
P. aurea 
20 
15 
Live 
11 
17 
Nearest neighbour 
L. rubrum P. repens P. punctata 
13 10 6 
13 5 5 
6 2 
11 4 21 
P. repens 
15 
23 
P. lorifolia P. eximia 
14 4 
81 5 
17 30 
P. coronata 
25 
12 
L. eucalyptifolium 
5 
10 
Dead 
14 
4 
neighbour distances may change from one of intense 
clumping of seedlings, through a random distribution, to one 
of regularity of spacing between adults. However, only by 
the time an initially fairly dense stand reached 25+ years of 
age did the intraspecific competitive asymmetries become 
noticeable. At site 8 more than half the recognizable 
individuals were dead (fable 2). This is not senescence 
because the remaining individuals were still flowering 
abundantly and the dead individuals were noticeably smaller 
than the live ones (pers. obs.). 
Paradoxically, our data indicates that there may be 
reduced competItIve interactions between species as 
compared to within species, but that interspecific 
interactions are relatively rare. It is not clear how 
differences in leaf size alone may explain the pattern of 
different species being closely spaced because there is 
limited overlap between canopies of different individuals in 
mature fynbos. Therefore it is unlikely that competition for 
light alone is important. Conceivably, these above-ground 
spacing patterns may also have resulted from root 
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Table 3 Mean nearest neighbour distances for Pro-
teaceae at study sites in the southern Cape. Random 
dispersion is indicated by index value 1 , clumped by value 
> 1 and regular dispersion by value tending to 0 
Site Species Nearest neighbour Distance, Index of 
m (s.d.) dispersion 
P. punctata P. punctata 2.38 (1.49) 0.93 
2 P. eximia P. eximia 1.72 (1.45) 1.22 
P. repens P. repens 1.45 (0.79) 0.46 
P. eximia P. repens 1.21 (0.92) 0.70 
3 P. lorifolia P. lorifolia 0.71 (0.44) 0.27 
P. lorifolia other species 0.62 (0.32) 0.17 
4 P. neriifolia P. neriifolia 0.94 (0.45) 0.22 
P. coronata P. coronata 0.89 (0.58) 0.38 
either spp. the other 0.58 (0.42) 0.30 
5 P. lanceolata P. lanceolata 0.55 (0.26) 0.12 
P. lanceolata P. neriifolia 0.53 (0.24) 0.11 
6 P. neriifolia P. neriifolia 0.29 (0.1 9) 0.05 
L. eucalyptifolium L. eucalyptifolium 0.34 (0.30) J.27 
L. eucalyptifolium P. neriifolia 0.23 (0.11) 0.12 
7 P. aurea P. aurea 0.20 (0.10) 0.05 
L. eucalyptifolium L. eucalypti folium 0.36 (0.30) 0.25 
either spp. the other 0.15 (0.12) 0.10 
8 P. neriifolia (live) P. neriifolia (live) 0.96 (0.46) 0.22 
P. neriifolia P. neriifolia 0.63 (0.41) 0.27 
(dead/alive) (dead/alive) 
interactions (roots of different species may exploit nutrient 
or water resources differently and allow interspecific 
neighbours to be closely spaced). Although only a limited 
sample of only a few proteoid species have been 
investigated, there is evidence that root profiles differ 
amongst reseeding Proteaceae. Smith and Higgins (1990) 
found that P. rep ens and P. neriifolia have different 
root:shoot area ratios. 
It is also not clear how these spatial effects of competition 
are created because we only observed signs of mortality in 
the very old stand. Seedlings are typically extremely 
clumped in fynbos. It is possible that differences in leaf size 
facilitates mutual survival in closely spaced interspecific 
pairs of seedlings. 
References 
CODY, M.L. 1986. Structural niches in plant communities. In: 
Community Ecology, eds. J. Diamond & T. Case, pp. 381 -
405. Harper and Row, New York. 
MIOOLEY,1.1. & G. VON MALTITZ (in press). Comparisons of 
dispersal directedness of seedlings of serotinous and 
myrmecochorous Proteaceae. S. Afr. 1. Ecol. 
SMITH, R.E. & HIGGINS K.B. 1990. The root sytems of three 
Protea shrubs in Jonkershoek Valley, Cape Province. S. Afr. 1. 
Pl. Soil 7: 238 - 241. 
ZAR, J.H. 1984. Biostatistical analysis. Prentice Hall, New Jersey. 
